The characterization of combustion-formed particulate matter for possible applications as optoelectronic organic materials is studied. A copper probe is inserted at different heights above the burner hole. Probe sampling is followed by collection via particles impactor, containing two main different classes of materials, soot and nanoparticles of organic carbon (NOC). Soot (Carbon) particles are collected from laminar and turbulent diffusion flames by means of a DC electric field in the form of chains and clusters. The great majority of soot particles are found to be positively charged. The I-V characteristics are measured in order to estimate the electrical properties during soot collection. The electric current increases as the collection time increases due to the agglomeration of charged soot particles on the copper probe. It is observed that, the activation energy (E a ) increases with increasing of the probe height (H) till reaching to a maximum value. The mobility of ions for soot particles is decreased with the applied potential and increased with the probe height for the turbulent and laminar diffusion flame. The compositions of soot powder samples are investigated by energy dispersive X-ray pattern (EDX) and the size of the soot particles are calculated by dynamic light scattering (DLS) technique.
Introduction
Soot is a particulate matter (PM) produced as a result of incomplete combustion of a hydrocarbon fuel. Ideally, complete combustion of hydrocarbon fuel leads to only carbon dioxide and water, but in practical combustion systems, complete combustion is hard to achieve. With insufficient oxidizer to convert the fuel completely (incomplete combustion), which can be a local or a global phenomenon, other products such as carbon monoxide, hydrogen, and soot exist in addition to carbon dioxide and water. Soot is also formed in the cone of a non-premixed flame as the fuel pyrolyzes, traveling the effect of electric field on kerosene out of the core of the flame toward the oxidizer. Depending upon the residence time and local turbulence, such soot may be incompletely oxidized in the outer cone/tip of the flame. Diffusion flames were investigated by Amer [1] [2] [3] [4] . The variations of the flame shape and soot emission for acetylene diffusion flame by applying electric field were studied [5, 6] . The results showed that in the presence of flame, the electric current increased linearly with increasing the applied voltage. Zake and Barmina [7] investigated the electrical control of flame carbon from the propane-air flame soot. The field-enhanced mass transfer of hydrocarbons to the negatively biased electrode in the limit of weak field's leads to the local increase of fuel excess at the vicinity of the electrode that provokes soot growth and deposition. Maricq investigated the size and charge of soot particles in rich premixed ethylene flames [8] . The charged particles are formed within a limited height range, after their concentration decreases due to neutralization and coagulation. The effect of electric field on hydrocarbon-gas fuel flame had been investigated [9] . The magnitude of the current increased with the magnitude of the applied voltage, where the increased voltage strips more ions from the reaction zone. The prediction of soot formation in laminar opposed diffusion flame was studied [10] . The extraction of soot from a laminar propane flame by means of an electric field was investigated [11] . It is found that the soot layer on the negative rod grows in the form of a branching tree as the time passes, and the soot has a friable integrated structure. The ionic current in the natural gas flames by applying DC voltage was measured [12] . To characterize the ion density and mobility in the flame, the authors applied bipolar DC voltage between two electrodes such as a Bunsen burner and a steel lattice holding in the flame. Altendorfner et al [13] studied the effect of the electric field on emissions and flame stability with optimized electric field geometry, they found that a strong dependency of the field induced reduction of the emission of pollutants on the diameter of the electrode. Försth and Larsson [14] investigated the effect of electric field on a premixed propane flame. Their measurements of the ionic current between two electrodes may be used for the detection of ignition in a cone calorimeter, and for fire dynamics investigations in general. Wang et al [15] studied the effect of a nominally uniform electric field on the initially uniform distribution of soot. They had assessed for laminar premixed ethylene-air flames which were produced with a McKenna burner. Kroner et al [16] studied the measurements of soot particles in dependence of the height above the burner and the distance from the lateral border of the flame. The properties of small particles in flames, a basic description of static and dynamic light scattering measurement techniques, as an example that demonstrate the application of these techniques in flame environments were studied. Belhi et al [17] studied the effect of the electric field on flame stability, and they found that the electrons moved in the opposite direction of the electric field, and the electric field produces a significant body electric force called ionic wind, which decreases the velocity especially at the base of flame, also the increasing of the applied voltage improves the stability by decreasing the lift-off height. The characterization of soot studied by Arnal et al [18] used different techniques like: elemental analysis, Brunauer-Emmett-Teller (BET) or surface area measurement, transmission electron microscope (TEM), scanning electron microscope (SEM) and X-ray diffraction (XRD). P. Lu et al [19] studied the characterization of soot from a ceramic furnace with flow gas using scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS), specific surface area measurements, crystal characterization and organic pollutant analysis. The oxidation of soot particles in the presence of NO 2 was studied [20] and where it was found that the NO 2 rich atmosphere enhances the soot oxidation at lower temperatures by generation of active surface functional groups. The characteristics of lean combustion of premixed propane flame with adding H 2 and CO on a Vshaped impinging burner were experimentally investigated [21] . The present study aims to understand the interaction of the electric field and diffusion flames, as it suggests a possible route to combustion control. Studies of physical and chemical properties of collected soot by different characterization methods are presented.
Experimental Procedure
The circuit used in this study is shown in Figure. (1). The used fuel is gasoline which is combusted on a wick burner in the normal conditions at room temperature and atmospheric pressure to generate laminar or turbulent diffusion flames. The DC voltage (V) is applied to the copper probe as the negative electrode holding in the flame at different heights.
Figure (1) Schematic diagram of the experimental setup
Soot particles are generated in the form of chains and clusters by the combustion of commercial gasoline fuel. The electrical characteristics obtained from this circuit can be used to estimate the mass of soot particles, and electrical behavior of collected material [22] [23] [24] . Measurements are carried out on the flame nature and its electrical properties. It is found that the flame contains charged particles, and most of them are positively charged. The negative copper probe is placed in the flame to collect the charged carbon ions. The probe height (H) over the flame front is changed to study the characteristics of ionic current (I) with the applied electric voltage (V). As the power supply is switched on, both the ionic current (I) and the collected soot on the probe are increased with time (t). After a certain time, the current reaches a the saturation value (I s ). The I-V characteristics are recorded many times and the average I-V value was extracted. The ionic current (I) is measured as a function of collection time (t) at different applied potentials (V) and different heights (H) above the flame front separately.
Energy Dispersive X-Ray (EDX)
Energy dispersive X-ray pattern of the collected soot particles is shown in Figure. (2).
Figure. 2: EDX pattern of soot powder
The samples were found to be composed of carbon, oxygen, and lead with percentages 91 %, 8 %, and 1 %, respectively, as shown in Table (1) . 
Results and Discussion
Carbon particulate derived from combustion consists of a variety of organic compounds, which often have features similar to polymers and molecules used as photoactive layers in the most common organic solar cells [25] . This consideration provided the inspiration to check out the possible applications of these products in the photovoltaic technology. In this study, combustion-formed carbonaceous materials are collected from fuel-rich premixed flames of gasoline and air. The flame-formed carbon particulate matter contains two main different classes of materials: soot and nanoparticles of organic carbon (NOC) [26] . To obtain carbon materials with different properties, one sampling procedure is used: probe sampling followed by collection via particles impactor.
Probe sampling description
The experimental combustion system consists of both laminar and turbulent flame burner at atmospheric pressure, used to generate a flame of gasoline and air. In this flame, a copper probe is inserted at different heights1, 2, 3 and 4 cm above the burner hole, the probe consists of a copper tube 12 cm long, with a hole (diameter = 1 cm) and connected to a particles impactor (probe), that is collected particles with a given distribution function.
Current-voltage-time characteristics
The relation between the electric current generated in flame and soot collection time at different applied voltages for laminar and turbulent diffusion flames is shown in Figures. (3 a and b) , respectively. The electric current is increased as the collection time increases due to the agglomeration of charged soot particles on the copper probe. Most of soot particles are found to be positively charged, so the copper probe is connected as a negative probe in the electric circuit. The current reaches nearly saturation at a certain time for different voltages. 
The activation energy of soot particles
The activation energy for soot particles deposited from the diffusion flame of gasoline fuel can be deduced using Arrhenius' law as; 
The Mobility of soot particles
The mobility of soot particles is calculated from the following equation: , is less than the mobility values of some premixed flames, which are reported from 10 -3 to 3 x 10 -2 cm 2 V -1 sec -1 as mentioned in [29, 30] . Where, d z is the hydrodynamic diameter (this is the goal: particle size), D t,avg is the translational diffusion coefficient (by DLS), K B is Boltzmann's constant (known), T is thermodynamic temperature in Kelvin (solution temperature) and η is dynamic viscosity (water 0.933 cp). The translational diffusion coefficient D t may be derived at a single angle or at a range of angles depending on the wave vector q. The decay rate Γ is given by [32] ;
, n is the refractive index of the sample (1.33), θ is the angle at which the detector is located with respect to the sample cell (90 o ) and λ is the incident laser wavelength (632.8 nm). The cumulated analysis, as mentioned in [33] , can only determine the particle size distribution of a Gaussian distribution around a mean particle size as in Table ( 2) The intensity distribution is closest to the raw data. The volume distribution corresponds to results derived from methods where concentrations are measured [34] . The Z-Average size or Z-Average mean used in dynamic light scattering is a parameter also known as cumulates mean. It is the primary and most stable parameter produced by the technique. It should be noted that the Z-average is a hydrodynamic parameter and is therefore only applicable to particles in dispersion or molecules in solution [35] . The Z-average in this paper is found to be 1.6×10 -8 cm 2 /sec. This is a simple method of analyzing the autocorrelation function generated by a DLS experiment [32] . A second important number is the polydispersity index which is a measure of the width of the particle size distribution. Polydispersity indices less than 0.1 are typically referred to as "monodisperse". The formula for Polydispersity is
Where σ is the standard deviation and d is the mean diameter. This index is a number calculated from two simple parameters fit to the correlation data (the cumulated analysis). The Polydispersity Index is dimensionless and scaled such that values smaller than 0.05 are rarely seen other than with highly monodisperse standards. It is found that these results have a polydispersity index of 0.25 and this is due to a broad size distribution. All the distributions are summarized in Table ( 
Conclusion
Soot (Carbon) particles have been collected from laminar and turbulent diffusion flames by means of a DC electric field in the form of chains and clusters. The great majority of soot particles have been found to be positively charged. The analysis of different combustion-formed carbonaceous materials has been carried out by investigating electrical and thermal properties. Soot during collection has a low electrical conductivity. The agglomeration of charged soot particles on the copper probe causes an increase in the electric current with the collection time till reaching a saturation value. The applied electric voltage enhances the process of soot collection. The activation energy is increased with increasing the probe height till reaching to a maximum value. The mobility of ion decreases by increasing the applied voltage. Also, the mobility of ions in nonpremixed diffusion flame is less than mobility values of some premixed flames. Energy dispersive X-ray (EDX) proves that soot samples are composed of carbon, oxygen, and lead with percentages 91%, 8%, and 1%, respectively. Dynamic light scattering (DLS) shows that, the average hydrodynamic diameter of soot particles is 379 nm. Also, the diameter of about 25% of soot particles is less than 95 nm.
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